Abstract: Differential pulse anodic stripping voltammetry (DPASV) was applied for the simultaneous determination of zinc and copper in multivitamin tablet (supradyn and centrum). Determination of the metals was made in ammonium acetate buffer (pH 4.5) with a scan rate of 0.01 V/s by Hanging Mercury Dropping Electrode (HMDE).The solution was stirred during electrolysis at -1.3 V for 300 s in the potential range of -1.3 to + 0.1 V. Concentrations of zinc and copper in supradyn drug sample were found to be 1.80 and 2.9 mg/tablet and for centrum drug sample were found to be 4.6 and 0.94 mg/tablet respectively.
Introduction
Multivitamin tablets are very popular and widely used in our country and abroad. They contain, in general, essential vitamins (C and E) and some other trace elements. As medicines, these are good alternative of the natural source of the vitamins and minerals, having no any side effects 1 . Trace elements are a good supplement to maintain the health and to combat the stress and fatigue due to constant work load, but in excess dose they become toxic. Excess Zn may result in chronic metabolic disturbances and retardation of growth 2 . If present in high concentration in the soil and or plant, it will interfere with the normal Fe metabolism in the plants, resulting in typical iron deficiency symptoms 3 . An excess of copper will induce chlorosis and Fe deficiency 3 . With high awareness of the toxic effects of heavy metal ions on human, animal, plant and aquatic life, detection of these metal ions has become a global problem 4 .
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Analytical methods for quantitative determination of multivitamin tablets are based on high performance liquid chromatography combined with either mass spectrometry [5] [6] [7] or fluorescence detection 8 , on gas chromatography 9 , capillary electrophoresis 10 and UV spectroscopy 11 .
Pharmaceutical compounds including multivitamin contain various electro active groups which can be readily measurable by electrochemical detections. Electro analytical techniques have many advantages as measurement systems. In recent years voltammetry has witnessed a renaissance with regard to its applications in determination of trace metals and organic substances in a wide dynamic range from ppm to ppb levels. The benefits of voltammetric techniques compared to other analytical techniques are its high sensitivity, ease of minimum sample pretreatment prior to analysis, high accuracy, in multi element analysis simultaneously and its application in speciation studies 12, 13 . Electrochemical stripping analysis has long been recognized as a powerful technique for detection of traces of heavy metals in drug samples 14 . Its remarkable sensitivity is attributed to the combination of an effective pre concentration step with pulse measurement techniques that generate an extremely high signal-to-background ratio.
The present paper describes electrochemical characterization of some commercially available multi vitamin tablets for trace metals like Zn and Cu using differential pulse stripping voltammetry. The process has been optimized considering various sectors like pH, purging time, deposition potential and deposition time.
Experimental
Measurements were done using the Eco Chemie-make potentiostat/galvanostat AUTOLAB-302N, using GPES software. Differential pulse anodic stripping voltammetry was performed with a three electrodes system, in conjunction with the IME 663. HMDE was used with an Ag/AgCl reference electrode and platinum as an auxiliary electrode.
Chemicals and reagents
Commercially available multivitamin tablets (supradyn and centrum) were obtained. The standards of zinc nitrate, cupric nitrate, liquid ammonia, potassium chloride and acids solution were used of analytical grade purchased from E-Merck. Standard solutions of Cu and Zn were prepared by appropriate dilution of stock solution with deionized water. To transfer all the standard solutions to the electrolyte, micropipettes with disposable tips were used. Glassware used were washed properly with HNO 3 acid and rinsed with deionized water.
Preparation of standards and working electrolyte
Stock solutions of Cu & Zn (500 ppm) were prepared with individual pure nitrates by diluting with deionised water. The standard solutions of different concentrations (1, 2, 3 and 4 ppm) was prepared daily with stock solution for calibration. Ammonium acetate buffer (pH 4.5) was prepared by mixing 7.7 g ammonia and 1 mL acetic acid in 100 mL volumetric flask. The solution was made up to the mark with deionised water.
Sample preparation
The outer coatings of the multivitamin tablets, considered for the study was removed by washing it with deionised water and then it was dried in oven at 120 0 C for one hour. Crushed the tablets thoroughly in a mortar and pestle to make it fine powder. Dried powdered sample (1 g) of each was taken in a 100 mL conical flask separately with conc. HNO 3 (5 mL) and stand it overnight for predigestion. Aquaregia (5 mL) was added to it and Estimation of Heavy Metals in Multivitamin Tablets S171 placed on a hot plate for 2 h. Solution was heated till it becomes clear. The solution was then cooled and filtered with Whatman paper no. 42 and diluted up to 100 mL with deionised water.
Procedure
Electrode used for the analysis was cleaned (washed gently with sulphuric acid and deionised water). The three electrode systems were adjusted (Ag/AgCl as reference electrode, platinum as auxiliary electrode and mercury as working electrode). For the analysis, 20 mL of deionised water, 3 mL of ammonium acetate buffer as supporting electrolyte and 1 mL of acid digested sample was taken in the mercury pool. For increasing the conductivity of the solution, 1 mL KCl (3 M) was added to it. Differential pulse anodic stripping voltammetry has been carried out with HMDE at a given parameters ( 
Results and Discussion

Effect of strong acids and purge time
In trace analysis experiments, organic complexants provide one of the serious interference factors, as most of the organic compounds have the reducible or oxidizable moieties, which are electrochemically active at the mercury electrode and form metal-ligand complexes. For this purpose, drug sample was digested properly by acid solutions to suppress the organic matrices and to separate the free metal ions. The presence of oxygen also interferes with such a system, so the solution was purged with nitrogen gas and the solution was blanketed with a stream of nitrogen gas.
Effect of pH
The peak shape changed with the change in pH. At higher pH, the peak height fell and the peak current for Cu reduced drastically. However with Cu and Pb, increasing the acidity enhances the ASV peak size and peaks tend to be sharper, which leads to a greater sensitivity for the determination of Cu. It has been postulated that Cu forms a series of compounds of general formula Cu n (OH)2n-2(H 2 O) 4 , where n increases with pH. At pH values lower than 3.8, the peak current of Zn decreases and broadening of peaks took place at pH values higher than 5.0. Therefore, the pH was optimized at 4.5 for the study.
Effect of deposition potential
The variation of deposition potentials on the stripping currents of various metal ions was studied. Potentials more negative than -1.40 V cause hydrogen evolution, which affected the peak currents. The mercury droplets were distorted by the evolved hydrogen, which leads to increased base currents, which in turn has direct consequences on the reproducibility. The potential more positive than -1.30 V affected the stripping peak of Zn. Therefore, an optimum potential of -1.30 V was selected as a suitable accumulation potential for the study, as this allows the relevant elements to be deposited.
Effect of deposition time
The influence of accumulation time on the peak current was studied in the range 60-300 sec at pH 4.5 and at a deposition potential of -1.30 V. At higher accumulation time, decrease in peak current of Zn and Cu were observed in the concentration range taken for
the present analysis. This may be due to the formation of inter-metallic compounds of these metals. Deposition time less than 300 sec affects the determination of Zn in the drug samples. Therefore, the accumulation time was optimized at 300 sec.
Analysis of peaks
Typical differential pulse anodic stripping voltammograms were obtained for the determination of trace metals in drug tablets. Two peaks were found in the selected potential range of -1.3 V to + 0.1 V. The peaks at -1.18 V and -0.04 V correspond to Zn and Cu respectively. Different concentrations of standard were run at the same parameters. All the elements in unknown samples were determined by standard addition method. The voltammogram of two samples were recorded separately as shown in Figure 1 
Conclusion
Differential pulse anodic stripping voltammetry thus provides good sensitivity, low background currents (interference) and good stability in HMDE. The results and observations have revealed that the use of Hg as a working electrode is very sensitive and give precise results. In multivitamin drug samples, Zn and Cu are present in the trace amounts and within permissible limits. It was confirmed by the appearance of peaks of standard and sample at -1.18V and -0.04 V in voltammogram, corresponding to Zn and Cu respectively. The concentration of Zn and Cu were found in multivitamin tablets supradyn: 1.80 and 2.9 mg/tablet and centrum: 4.6 and 0.94 mg/tablet respectively. The proposed electro analytical method for the analysis of metals in drug sample is portable, easily renewable and relatively inexpensive method as compared to the other analytical techniques. 
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